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ABSTRACT 
Mining used to be a business primarily focused on the technical aspects of getting valuable ore 
out of the ground and extracting the minerals in a metallurgical efficient way.  Although the 
importance of these skills cannot be denied, a narrow focus on technical issues is no longer 
sufficient to guarantee success, even in the richest ore bodies. Skill in economics is an essential 
partner to technical skill in every step of the mining process. The economic way of thinking 
starts from before the first drill hole is put in the ground. It includes not just the most economic 
way of mining, but also the most economic way of going about assessing mining projects. It 
directs mining strategy and takes equal notice of the forces of world progress and the forces 
governing individual human action. The scope of this project includes what is meant by a cost-
effective mining scheme. It includes the economics of information, as well as the procedures for 
rational evaluation of mining projects under uncertainty. It reexamines the definition of ore from 
an economic perspective. In particular, it specifically considers the economic influence of 
scheduling on ore reserves. This project addresses discounted cash flow (DCF) techniques--the 
most widely used evaluation technique for investment decision making--in detail. Although this 
technique has been known and used in the mineral industry for decades, the widespread use of 
spreadsheets has been a feature of DCF evaluations only since the mid-1980s. The assumption of 
the use of spreadsheets is a significant point of differentiation in this text from previous mining-
focused economics texts. It means that more meaningful examples can be included. Formulas 
developed to overcome previous computational difficulties have been omitted. Further, examples 
in the text are available in spreadsheet format. The application of DCF techniques in an operating 
mine environment is given expanded coverage, and examples are drawn from real-life studies. A 
real life case study of a mine (Bhubaneswari O.C.P) is taken and the balance sheet is analyzed to 
prepare a cash flow statement for the same. This paper also throws light on the computational 
approaches that can be used for investment analysis. Few computer programs show some aspects 
of capital budgeting techniques calculations in form of C&C++ programs. 
 
 
 
 
 
ii 
 
  
ITEM 
 
TITLE 
 
PAGE. 
NO 
1 ABSTRACT i 
2 List of tables vi 
3 List of figures vii 
Chapter: 01 INTRODUCTION 1 
 
1.1 overview 2 
 1.2 objective of the project work 3 
Chapter: 02 INVESTMENT & INVESTMENT ANALYSIS 4 
 
2.1 Investments 
    2.1.1 Purpose of Investment 
    2.1.2  Costs 
          2.1.2.1 Types of costs 
    2.1.3  Sources of Investments 
4 
5 
5 
6 
6 
 2.2  Investment proposal for a mine 7 
 2.3 Elements of investment in mining projects     
 
8 
Chapter: 03 LITERATURE REVIEW 9 
 3.1 Time value of money  
3.2 Valuations at a constant point in time 
10 
10 
 Contents 
  
iii 
 
    3.2.1 Present values and future values 
3.3  Discounted cash flow analysis 
      3.3.1  Basis of cash flow analysis 
     3.3.2  Capital Expenditures, Production, Revenues, and        
Operating Costs 
          3.3.2.1 Working Capital  
3.4 Techniques of mine valuation 
    3.4.1 Capital Budgeting Techniques 
          3.4.1.1 Payback Period 
          3.4.1.2 Net Present Value (NPV) 
          3.4.1.3 Internal Rate of Return (IRR) 
          3.4.1.4 The profitability index - PI  
          3.1.4.5 The accounting rate of return - (ARR)  
11 
11 
12 
12 
12 
13 
13 
14 
15 
16 
17 
18 
 
Chapter: 04 
 
INTEGRATING ECONOMICS INTO 
MINING 
 
19 
 
4.1 Mine-planning process 
4.2 Application of economic evaluation procedures 
   4.2.1 Justifying Exploration Expenditure  
   4.2.2 Grassroots Exploration 
   4.2.3Ongoing Exploration 
.     4. 2.4 Undeveloped deposits 
   4.3Reserves in the Ground 
   4.3.1Mining Reserves  
4.4 Initial assessments 
20 
21 
22 
23 
24 
25 
26 
26 
27 
iv 
 
   4.4.1Cutoff Grades 
   4.4.2Cost Ranking 
   4.4.3Pit Optimization 
   4.5 Capital values and development strategies 
   4.5.1 Limiting the Mining Options Available 
4.6 Strategic Assessment of Mining Projects 
4.7 Selection of Reserve Blocks and Phased Mine Development 
   4.8 Comparison of Mining Equipment Options 
4.9 Overall Project Evaluation 
4.10 Labor numbers and costs 
     4.10.1 Indirect costs 
     4.10.2 Government Charges 
     4.10.3 Civil Works 
     4.10.4 Development Costs 
     4.10.5 Administration Costs 
4.11 Building up a cash flow 
   4.11.1 Cost Database 
   4.11.2 Cost Centers         
28 
29 
29 
29 
30 
31 
31 
32 
33 
34 
34 
34 
35 
36 
37 
38 
39 
40 
 
Chapter: 05 
 
RISK ANALYSIS 
41 
 
5.1 Introduction  
5.2 Determining the appropriate discount rate 
5.3 Expected returns and the cost of capital 
    5.3.1Capital 
42 
43 
44 
45 
v 
 
    5.3.2 Risk Tolerance 
    5.3.3 Guidelines 
    5.3.4 Value as a function of risk 
   5.3.5 The value (and difficulty) of probabilistic assessment: 
46 
47 
48 
49 
Chapter: 06 
 
                                CASE STUDY 
50-54 
 
 
CHAPTER 07 
 
 
                 DEVELOPMENT OF PROGRAMS 
 FINDING THE PAYBACK-PERIOD 
 CALCULATION OF NET PRESENT VALUE 
 CALCULATION OF BREAK EVEN POINT 
 FINDING THE PRESENT VALUE OF ANNUITY: 
   
56 
56 
57 
 
CHAPTER 08 
 
 
CONCLUSION 
58-59 
 
CHAPTER 09 
 
                                   
                                       REFERENCES 
 
60 
 
 
 
 
 
 
 
 
vi 
 
 
LIST OF FIGURES 
 
 
 
 
 
 
 
 
 
 
 
FIG. NO. TITLE 
 
 
PAGE 
NO. 
1 Flow chart 1: Preparing a mine schedule 23 
2 Cost database 38 
3 Typical organization chart 39 
   
   
   
   
   
vii 
 
LIST OF TABLES 
 
TABLE 
NO. 
TITLE 
 
PAGE 
NO. 
1 Typical equipment cost schedule 32 
2 Typical whole mine cost centers 39 
3 Projection of NPV of the mine from balance sheet 54 
1 
 
CHAPTER 01 
INTRODUCTION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 
 
CHAPTER 01 
INTRODUCTION 
1.1 Overview 
 The economics of the resources industry are unique. All mining is subject to uncertainties not 
applicable to other industries.  Every mine is different.  Industry economics are difficult to 
quantify and categorize. Information is very costly.  In major mining countries, there is now a 
real dichotomy. The products of the minerals industry are essential primary ingredients in almost 
everything used in an advanced society, yet their availability is often taken for granted. In the 
developed world, the value of mining is increasingly being called into question. The difficulty in 
making profits is compounded by political uncertainties and environmental restrictions on top of 
the uncertainties created by nature.  Despite declining prices, as well as profitability that 
frequently falls short of expectations, more capital continues to be injected into the industry. 
Many of the factors that lead to profits or losses escape recognition if conventional tools of 
analysis are used.  Low profitability may be the order of the day for many participants in the 
industry, but this is not universal. In some cases, the finding of a rich ore body, either by skillful 
exploration or by chance, has been the key to success. Yet there are many examples of rich ore 
bodies not producing profitable mines and of mediocre ore bodies turning into successful long-
term enterprises. In some cases, the ability of a company to anticipate the market has resulted in 
profits above expectations. More commonly, an unexpected market downturn has resulted in 
losses despite efficiency elsewhere in the mining operation. Even in this environment, 
superficially similar mines have turned in vastly different profit performances. Management 
decision making and factors other than market pricing and ore body characteristics probably 
have ng and ore body characteristics probably have a much greater influence on industry 
profitability than has been acknowledged up until now.  One of the primary tasks of this project 
is to examine some of the characteristics that lead to increased value but that escape analysis on 
more superficial grounds. A basic premise of the project is that a lot more can be done to 
maintain consistency and predictability in the economics of mining. Price unpredictability and 
ore body characteristics have in many cases been inappropriately used as excuses for 
underperformance.  Two decades ago, technical skills were the primary ingredient for efficient 
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mining management. With the internationalization of world industry, this has changed. Technical 
skills are no longer sufficient. The criterion upon which the whole enterprise is judged (namely, 
shareholder value) should be the same criterion used to judge each day-to-day or medium-term 
decision. The more consistency there is between the criteria applied by the different personnel 
making these judgments, the more likely it is that the company objective will be achieved.  
Capital has already been sunk. The product selling price and many other factors are taken as 
given. This project recognizes that whether a mine is performing or not performing is unlikely to 
be due to some technical cause alone--though some technical cause might be held to blame.  
1.2 Objective of the Project Work: 
 The project has been prepared with the following three key guidelines in mind:   
 It focuses on the primary economic evaluation techniques in use in most mining 
applications.  
 The project aims to apply economic evaluation techniques, not just explain them. In 
addition to subjecting techniques to some scrutiny, the examples provide a template for 
making economically sound operational, investment, and planning decisions with 
confidence.  
 It provides indications of how reliable or unreliable certain techniques are in the real-
world environment (i.e., a world of change, risk, and uncertainty). It   offers techniques 
and mechanisms to adapt the standard methods of project analysis and decision making 
so that they reflect what is happening in the changing world of today.   
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CHAPTER 02 
INVESTMENT & INVESTMENT ANALYSIS 
2.1 Investments: 
An investment is the choice by the individual, after thorough analysis, to place or lend money in 
a property, securities (stock or bonds) that has sufficiently low risk and provides the possibility 
of generating returns over a period of time. Our concepts of investment are a dynamic one .it is 
basically a process of purchase and installation of assets or the money spent for them as a whole. 
In generally we can say that the industry acquires funds from the sources called investors and the 
funds are so secured when invested are called investment. 
2.1.1 Purpose of investment 
In a business enterprise money is required for the following purpose: 
 To procure land ,buildings or expansion of existing plans 
 To getting raw materials, machinery, tools 
 On water ,power and other supplies for running the industry 
 Research work 
 Paying salaries of direct ,indirect workers 
 To organize the business 
2.1.2 Costs  
In an evaluation of any proposition, revenues (the good consequences) are weighed  against the 
expenses (the bad consequences) The cost is the net present value of the next most attractive 
alternative  proposition that is passed over in favor of the proposition at  hand. The net present 
value of this alternative proposition is itself derived by weighing up the same good and bad 
attributes of that proposition. This economic concept of cost also has important implications for 
decisions regarding capital and other long-term commitments. Capital decisions are long-term 
decisions, but when the decision is made the choice is not necessarily an irrevocable path into the 
future. The decision to perform the action may be partly revocable, and it is only the irrevocable  
part that constitutes value or likely loss of value in the event of unanticipated obstacles to plan 
fulfillment. The cost of the decision (the irrevocable part) may not be the same as the cost of the 
event. It is the cost of the irrevocable part that is of concern. Except for large investments, the 
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monetary expense is quite a good proxy for the value of the foregone alternative in a market 
economy. Yet the distinction should not be forgotten. Mining companies working in less 
developed countries, for instance, cannot assume that market prices are an appropriate proxy for 
the value of foregone alternatives. 
2.1.2.1 Types of Costs 
Every business needs to know what the costs to produce its products are if it is to make sensible 
business decisions. There are a variety of ways to present and apply costs, and some cost 
concepts are more appropriate for certain problems than others. Some of the more important cost 
concepts, include  
  fixed costs  
 sunk costs  
  recoverable costs  
  opportunity costs  
  variable costs  
  operating costs  
 externalities 
Lost revenues (from the alternative scenarios) are called opportunity costs because, by accepting 
the project, a company foregoes other opportunities for using the assets. Variable costs are costs 
that change with the level of output. Typically, as output increases, so does the need for labor, 
fuel, electricity, and materials, so variable costs depend on the wages and prices that a firm must 
pay for these inputs. Although these variable costs are commonly called operating costs, the 
decisions that are made day-to-day in a mine cannot assume a one-to-one correspondence 
between what an accountant calls an operating cost and what is truly a variable cost. Whether a 
cost is fixed or variable depends upon the time frame of the decision. For yearly budgeting, labor 
costs are a variable cost because labor requirements can be increased or decreased in line with 
yearly production requirements. However, for day-to-day decisions by a mine supervisor, even 
labor costs might be fixed. The marginal cost is the change in total cost. The counterpart to 
marginal cost is marginal revenue; i.e., marginal revenue is the change in total revenue. 
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2.1.3 Sources of investment 
To start any industrial venture it is required that adequate amount of resources are available for 
financing the projects. The sources of investment may be categorized as follows: 
Internal sources: 
 Equity earnings : it is done by a company by retaining a portion of the returns to the share 
holders. 
 Deferred taxation: a delay in the earning of profits and giving away of taxes helps in 
generating internal funds too. 
 Personal funds : the owner must have some assets to invest in the firm a the initial capital. 
External sources: 
 Loans: money can be borrowed from sources for starting the business. The interest is paid 
in lieu of the loan drawn timely. 
 Shares: these are issued to draw money from the stock markets .this is usually done by 
diluting some stake of the company to the shareholders. In turn the share holders are 
given adequate dividends out of the profits earned by the company. 
 Bonds 
 Institutions‘ or individuals like investment banks ,insurance companies industrial 
development corporation etc are also helpful in arranging the funds externally. 
2.2 Investment proposal for a mine: 
An investment proposal for a mine should contain the following information: 
1. Mineral information about the area in which the mine is being planned and location i.e. 
rails, roads, town villages in the vicinity, communication facilities. 
2. Specific information about the area selected for mining. 
3. Geology of the area –coal seams, thickness of the parting, gradient of seam and strata. 
4. Mine lay out, proposed boundary, coal extraction method of working of coal and OB 
removal layout for OB dumps for open cast mine. 
5. Transport system for the mine for main materials and unreal or OB. 
6. Coal producing and rock removal equipment. 
7. Ventilation system for the mine, mine gases, spontaneous heat of the coal. 
8. Type of explosives to be used, storage and transportation of the same. 
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9. Pumping arrangement and dewatering systems. 
10. Sand collection and stowing arrangements. 
11. Infrastructure facilities such as roads, workshops, administrative building, training 
facilities. 
12. Environmental measures for minimizing pollution. 
13. Housing, water supply, banking facilities. 
14. Investment requiermnet, cost and project analysis. 
15. Possibilities of expansion and likely benefits. 
2.3 Elements of investment in mining projects: 
The various segments or areas of any premining investments are as follows: 
1. Exploration costs(mapping,drilling,sampling) 
2. Property acquisition costs. 
3. Mine development costs including development drilling and development such as roads, 
stripping, shaftsinking, drafts etc. 
4. Plant and equipment costs which include mining equipment, mill and processing 
equipments and building and structure, etc. 
5. Environment impact statement (EIS) legal. 
6. Working capital 
7. Expansion capital 
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CHAPTER 03 
LITERATURE REVIEW 
3.1Time Value of Money 
Money tomorrow is not as valuable as money today. Given the choice of having the same 
amount of money in the future or right now, everyone would prefer to have it now. Money to be 
received in the future might not materialize. Even if there was no such risk, money is still worth 
more if it is available for use now. If it is available now, the opportunity set of possible uses for 
the money is as road as possible. If the money won't be available until some time in the future, 
then the opportunity set is limited to a smaller subset of this first set. Maximum freedom to 
choose is always worth something--particularly in more uncertain environments. Therefore, 
money to be received in the future must include a premium if it is to be thought of as being 
equivalent to money today. Future cash flows (i.e., money) must be discounted to be compared 
with cash flows in the present. Almost every economic decision in mining involves cash flows 
(spending money, receiving money) occurring at different points of time. Consequently, 
economic evaluations must incorporate a way for equating these money values at some constant 
point in time (usually, now).For simple calculations, future values (FVs) are calculated by taking 
current values and multiplying by the compound interest rate. Or, equivalently, future values 
(anticipated cash flows) are turned into the equivalent present value (PV) by discounting, i.e., by 
being divided by the compound interest rate. For meaningful calculations of mining investment 
propositions, a complete tabulation is normally prepared for all of the cash flows occurring 
through each year of the life of the project. The aggregate cash flow (the sum of the expected 
positive and negative cash flows) occurring in each year is calculated first, negative cash flows) 
occurring in each year is calculated first, and then this value is turned into a present value via the 
applied discount rate. The discount rate is usually greater than the long-term interest rate to 
account for uncertainty and other factors.  
3.2 Valuations at a constant point in time  
The first series of time-value calculations apply simple formulas to bring anticipated cash flows 
to an equivalent time reference basis for calculation. Simple calculations are grouped into two 
categories, namely 
  how to turn a future value into the equivalent present value and vice versa   
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 how to turn a regular series of equal values occurring over several years into an 
equivalent single amount in the present and vice versa  
3.2.1 Present Values and Future Values  
The two functions used to relate present values to future values and vice versa are  
• The compound amount function (future value)  
• The present value function  
• The future value (compound amount function) is determined by the following formula:  
FV = PV/ (1 + i) n 
where , 
FV = the future value  
PV = the present value  
i = the interest rate (in the time period)  
n = the number of time periods (years)  
(1 + i)
 n
 = the compound factor  
3.3 Discounted cash flow analysis  
All of the functions discussed in the preceding section are important in determining values for 
activities occurring over time. However, their usefulness is limited by the fact that they do not 
take taxation effects into account and they need regular cash flows. Since almost all real-life 
cases involve taxation and since operating costs and revenues vary over time, an alternative 
evaluation method must be used. The method universally used for almost all mining and other 
business evaluations is the discounted cash flow technique.  
3.3.1 Basis of Cash Flow Analysis  
There is a big difference between corporate finance, (i.e. costing, economics, capital investment 
decisions) which is addressed in this book, and financial accounting, which stresses incomes and 
earnings. Accounting procedures document what has happened. Mining economics aims at 
informed decisions on what to do. For accounting purposes, all expenditures are normally 
apportioned over the period of useful work. For planning and operating a business, there is no 
apportionment--allowance has to be made for real cash inflows and outflows when they actually 
occur. 
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Cash flow analysis involves simulating what is happening or what is expected to happen in the 
mine over time. It is a forward-looking, or ex ante, process. All cash flows--money flowing into 
or out of the company bank accounts--are included. The purpose of preparing a cash flow is to be 
able to make a decision. The extra cash flow associated with the company's investing in a 
particular project--call it project A--is compared to the cash flow associated with whatever else 
might be chosen. Call this alternative investment project B. Though this fact is not always 
evident, there is always a project B. Project B may simply entail leaving the money in the bank, 
or declaring a higher dividend, or buying back one's own shares. A proposed 20-year-life mine is 
economically attractive or unattractive only in relation to what else might be done in the ensuing 
20 years. There is no stopping of time--the decision is only a comparative one concerning 
alternative paths into the future.  
If a cash flow is common to both options, then it has no real effect on the decision--a company is 
interested only in the changes in the company cash flow that occur as a direct consequence of 
accepting the project. In the preparation of cash flow tabulations, there are important conventions 
that do follow accounting principles. One of the most important of these is the end-of-year 
convention. This convention (which isn't inviolate but is certainly the default rule) tabulates all 
cash flows as occurring at the end of the year in which they actually occur. Revenues from the 
sale of the mine output are all assumed to occur at the end of the year, as are the mine operating 
expenses. A machine that is working for an entire year would have all of its operating costs 
assumed to occur at the end of the year. However, to be assumed to occur at the end of the year. 
However, to be working through the year, the machine itself would have to be paid for and 
operational at the very start of the year. Therefore, under this convention, capital expenditures 
occur at the start of the year and are assigned to the (end of the) previous year.  
3.3.2 Capital Expenditures, Production, Revenues, and Operating Costs  
The objective of a cash flow analysis is to simulate all of the anticipated cash flows for the 
project over its life (and express them in present value terms) so that a decision can be made. The 
most obvious cash flows are: 
 revenues from sale of the products  
 expenses incurred in producing the products  
 capital expenditures necessary to bring about the production  
13 
 
Capital expenditures are tabulated in the cash flow in the year prior to their use. The plant or 
equipment must be operational before any production takes place (the start of the period). 
Therefore, under the end-of-year convention, capital expenditures are placed at the end of the 
preceding year. Cash flow tabulations should normally commence with production tabulated at 
the top or near the top of the table, since almost all of the revenue and many of the operating 
expenses are related to production. Revenues (the primary cash inflow) are also tabulated at the 
top of the table.  
Operating costs are subtracted from the operating revenues to obtain the operating profit. All 
operating expenses are included in a cash flow calculation, even if some of the costs pertain to 
following years' production. This differs from the way operating costs are treated for accounting 
purposes, for which expenses that pertain to production in succeeding time periods (e.g., advance 
stripping) are apportioned to the period in which they directly relate to production.  
3.3.2.1 Working Capital  
In a detailed cash flow analysis, the initial stocking of the parts warehouse is separately 
identified as a category of capital outflow. Other examples of working capital are reclamation 
bonds, security deposits, prepayments (rental car vouchers, airline tickets, etc.), and advances for 
such things as employee housing loans. The biggest investment in working capital in a mine is 
the ―inventory" of advance workings (e.g., advance overburden removal, floor stocks, and 
stockpiles). Nevertheless, the mine plan typically provides for these in the mining schedule, so 
the cash flow associated with them is already incorporated into the operating costs of the mine. 
In a cash flow calculation, working capital is treated differently than in a traditional accounting 
calculation. A cash flow calculation requires the flow of cash to be included exactly when it 
occurs. There is a direct cash outflow at the start of the project when the initial warehouse 
inventory is built up. This "investment" in spare parts is not tax deductible or depreciable in most 
jurisdictions, so it is usually tabulated in the cash flow separately. Expenditures are shown as a 
cash outflow when the  initial inventory is built up, and there is a corresponding cash inflow 
when the inventory is disposed of at the end of the mine life. Traditional accounting methods 
frequently report very large investments in working capital in a mine, since the objective of 
traditional accounting is to try to fairly represent the true operating revenues and costs associated 
with the production occurring only in the year reported. If a mine undertakes 2 years of advance 
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prestriping in 1 year (by contractor, for example), then this is a doubling of cash outflow for the 
period and would be represented as such on the cash flow tabulation. For accounting purposes, 
only half of the operating expenditures would be classified as true operating expenditures, and 
the balance would be classified as working capital (stripping in advance) in the company 
accounts. In practice, this classification as working capital can often be ignored in cash flow 
calculations; i.e., the expenditure should simply be classified as operating costs when it is 
incurred.  
3.4 Techniques of mine valuation 
3.4.1 Capital Budgeting Techniques 
When firms have developed relevant cash flows, they analyze them to assess whether a project is 
acceptable or to rank projects. A number of techniques are available for performing such 
analyses. The preferred approaches integrate time value procedures, risk and return 
considerations, and valuation concepts to select capital expenditures that are consistent with the 
firm‘s goal of maximizing owners‘ wealth. Capital budgeting is vital in marketing decisions. 
Decisions on investment, which take time to mature, have to be based on the returns which that 
investment will make. Unless the project is for social reasons only, if the investment is 
unprofitable in the long run, it is unwise to invest in it now. Often, it would be good to know 
what the present value of the future investment is, or how long it will take to mature (give 
returns). It could be much more profitable putting the planned investment money in the bank and 
earning interest, or investing in an alternative project.  
Here we begin with a look at the three most popular capital budgeting techniques:  
 Payback period, 
 Net present value,(NPV) and  
 Internal rate of return.(IRR) 
 Profitability index(PI) 
3.4.1.1 Payback Period 
Payback periods are commonly used to evaluate proposed investments. The payback period is 
the amount of time required for the firm to recover its initial investment in a project, as 
calculated from cash inflows. In the case of an annuity, the payback period can be found by 
dividing the initial investment by the annual cash inflow. For a mixed stream of cash inflows, the 
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yearly cash inflows must be accumulated until the initial investment is recovered. Although 
popular, the payback period is generally viewed as an unsophisticated capital budgeting 
technique, because it does not explicitly consider the time value of money. 
The Decision Criteria 
When the payback period is used to make accept–reject decisions, the decision criteria are as 
follows: 
 If the payback period is less than the maximum acceptable payback period, accept the 
project. 
 If the payback period is greater than the maximum acceptable payback period, reject the 
project. 
The length of the maximum acceptable payback period is determined by management. This value 
is set subjectively on the basis of a number of factors, including the type of project (expansion, 
replacement, renewal), the perceived risk of the project, and the perceived relationship between 
the payback period and the sharevalue. It is simply a value that management feels, on average, 
will result in value creating investment decisions. 
Pros and Cons of Payback Periods 
The payback period is widely used by large firms to evaluate small projects and by small firms to 
evaluate most projects. Its popularity results from its computational simplicity and intuitive 
appeal. It is also appealing in that it considers cash flows rather than accounting profits. By 
measuring how quickly the firm recovers its initial investment, the payback period also gives 
implicit consideration to the timing of cash flows and therefore to the time value of money. 
Because it can be viewed as a measure of risk exposure, many firms use the payback period as a 
Decision criterion or as a supplement to other decision techniques. The longer the firm must wait 
to recover its invested funds, the greater the possibility of a calamity. Therefore, the shorter the 
payback period, the lower the firm‘s exposure to such risk. The major weakness of the payback 
period is that the appropriate payback period is merely a subjectively determined number. It 
cannot be specified in light of the wealth maximization goal because it is not based on is 
counting cash flows to determine whether they add to the firm‘s value. Instead, the appropriate 
payback period is simply the maximum acceptable period of time over which management 
decides that a project‘s cash flows must break even (that is, just equals the initial investment). A 
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second weakness is that this approach fails to take fully into account the time factor in the value 
of money. 
3.4.1.2 Net Present Value (NPV) 
Because net present value (NPV) gives explicit consideration to the time value of money, it is 
considered a sophisticated capital budgeting technique. All such techniques in one way or 
another discount the firm‘s cash flows at a specified rate. This rate—often called the discount 
rate, required return, cost of capital, or opportunity cost—is the minimum return that must be 
earned on a project to leave the firm‘s market value unchanged. We take this rate as a ―given.‖ 
The net present value (NPV) is found by subtracting a project‘s initial investment (CF0) from the 
present value of its cash inflows (CFt) discounted at a rate equal to the firm‘s cost of capital (k). 
 
                               
When NPV is used, both inflows and outflows are measured in terms of present rupees. Because 
we are dealing only with investments that have conventional cash flow patterns, the initial 
investment is automatically stated in terms of today‘s rupees. If it were not, the present value of a 
project would be found by subtracting the present value of outflows from the present value of 
inflows. 
The Decision Criteria 
When NPV is used to make accept–reject decisions, the decision criteria are as follows: 
 If the NPV is greater than 0, accept the project. 
 If the NPV is less than 0, reject the project. 
If the NPV is greater than 0, the firm will earn a return greater than its cost of capital. Such 
action should enhance the market value of the firm and therefore the wealth of its owners. 
3.4.1.3 Internal Rate of Return (IRR) 
The internal rate of return (IRR) is probably the most widely used sophisticated capital budgeting 
technique. However, it is considerably more difficult than NPV to calculate by hand. The 
internal rate of return (IRR) is the discount rate that equates the NPV of an investment 
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opportunity with 0 (because the present value of cash inflows equals the initial investment). It is 
the compound annual rate of return that the firm will earn if it invests in the project and receives 
the given cash inflows. Mathematically, the IRR is , 
 
 
The Decision Criteria 
When IRR is used to make accept–reject decisions, the decision criteria are as follows: 
• If the IRR is greater than the cost of capital, accept the project. 
• If the IRR is less than the cost of capital, reject the project. 
These criteria guarantee that the firm earns at least its required return. Such an outcome should 
enhance the market value of the firm and therefore the wealth of its owners. 
3.4.1.4 The profitability index - PI: This is a variant of the NPV method.  
 
Decision rule:  
PI > 1; accept the project < 1; reject the project 
If NPV = 0, we have:  
NPV = PV - Io = 0PV = Io 
Dividing both sides by Io we get:  
 
3.1.4.5 The accounting rate of return - (ARR)  
The ARR method (also called the return on capital employed (ROCE) or the return on 
investment (ROI) method) of appraising a capital project is to estimate the accounting rate of 
return that the project should yield. If it exceeds a target rate of return, the project will be 
undertaken.  
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Disadvantages:  
 It does not take account of the timing of the profits from an investment.  
 It implicitly assumes stable cash receipts over time.  
 It is based on accounting profits and not cash flows. Accounting profits are 
subject to a number of different accounting treatments.  
 It is a relative measure rather than an absolute measure and hence takes no 
account of the size of the investment.  
 It takes no account of the length of the project.  
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CHAPTER 04 
INTEGRATING ECONOMICS INTO MINING 
 
Tools for making economically based choices in any complex business span the full 
spectrum from simple rules of thumb to elaborate and comprehensive financial models. Here 
it  is  exp la ined how economic evaluation techniques are applied at various stages of the 
mine evaluation process. 
4.1 MINE PLANNING PROCESS 
A complete task of planning and operating a mine involves at least three components: 
 a technical component 
 a narrowly focused economic component 
 a more broadly based economic component, including financial and business 
elements that influence mine performance within industry at large 
The technical component concerns are mine  layout, equipment productivities, a lt ernat ive  
production schedules, and mine operating requirements. These latter requir ement s  include, 
for example, the explosive usage per year, the number of persons required, and the fuel usage 
per machine per operating hour. Usually this work focuses on technical criteria only. This 
component of a mine plan will be unchanged whether the project is economical or not. The 
technical component defines all of the important elements concerning the implement ability of 
the proposal. Some of these elements may be economically important and some quite 
unimportant as far as their impact on mine economics. For example, two completely different 
mining schemes may have very similar operating and capital costs. 
The narrowly focused economic component applies operating and capital costs to the technical 
schedules. It analyzes alternative schedules and alternative equipment in economic terms--e.g., 
the price per ton. It also builds up and examines unit costs, such as the fuel cost per liter, 
annual fuel cost for the whole mine, and labor cost per person per year. The object of this 
phase of the work is to allow comparison of options in economic terms. 
Often these narrowly focused economic evaluations concern just some component of a 
project--for example, even if the mine itself is uneconomical, a valid economic analysis of the 
cheapest way to move waste can still be undertaken. Most mine evaluation is limited to 
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technical work, coupled with this narrowly focused economic phase.The more broadly based 
economic, financial, and business component aims to understand the degree of viability of a 
plan and how the plan fits within a wider corporate context. Whole- project viability is a 
function of what other projects the company may have available, as well as what other 
companies (suppliers, customers, and competitors) is doing. This phase of evaluation also 
examines the relative risk associated with investment decisions and the sensitivity of the plan 
to factors outside management control. It foreshadows likely difficulties in implementation. It 
attempts to position the mine for likely change. From a business perspective, this broadly 
based economic analysis is vital, since market valuations--and with them, the stability of the 
corporate structure--are integrally bound with management's ability to deliver what the mine 
plan indicates is achievable. 
Mining is an expensive activity, the cost-effectiveness of which demands these economic 
analyses. Mine evaluation is also an expensive activity and demands its own economic 
analysis. Is RS 2000,000 expenditure for exploration likely to yield as much increase in 
shareholder value as a RS20 00,000 expenditure on metallurgical testing? The task of the 
mine planner is to develop a mine plan that will maximize shareholder value, and one of the 
components in this process is the cost of, and cost savings flowing from, the mine-planning 
task itself. Mining economics is also concerned with the proportion of resources. Economics is 
also concerned with the proportion of resources that should most appropriately be directed to 
this task and how these resources themselves, once allocated, should most appropriately be 
directed. 
4.2 APPLICATION OF ECONOMIC EVALUATION PROCEDURES 
Cost estimating and economic evaluation are integral parts of the planning process. Since 
mine planning is an iterative process, the form of economic assessment changes as the 
precision and reliability change with each successive iteration. Evaluation work itself has a 
cost. Undertaking evaluations in an economic way demands that alternatives that are unlikely 
to find their way to subsequent development be eliminated early in the evaluation cycle. 
Expenditure that subsequently proves to have no enduring value is minimized, and the same 
resources put into evaluation yield higher-value results. The examples set out in the following 
sections illustrate the application of economic evaluation procedures during some sample 
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phases of a complete mine-planning study. 
4.2.1 Justifying Exploration Expenditure 
The evaluation of every potential mining development starts somewhere. As a minimum, some 
estimate of how much ore is in the ground must be available, coupled with some estimates of 
the costs of extracting it. Yet even with the simplest understanding of these numbers, it is 
possible to eliminate many alternatives early on by formulation of minimum guidelines. 
Exploration expenditure itself is prioritized on the basis of the deposits or potential deposits 
that, if found, are likely to yield the greatest value per dollar of expenditure. 
4.2.2 Grassroots Exploration 
In grassroots exploration, an initial starting point for evaluation is an assumed ore body. Prior 
to any substantial expenditure, the following question must be asked: If this exploration is 
successful, what is the best deposit that can be expected? The hypothetical deposit can be 
described in terms of tonnage, grades, depth, and physical location. 
An economic analysis should be conducted on this hypothetical deposit. Of course, given the 
paucity of data, this economic analysis may take only a few hours of work. Yet valuable 
insights are possible. Clearly, if the evaluation of the best hypothetical deposit does not 
indicate viability, then lesser deposits will not either. Sensitivity analysis will also yield 
important information. The economics of a hypothetical gold deposit, for example, might 
suggest that ore running 3 g/t at 100 m depth has about the same economic value as ore 
running 5 g/t at 200 m depth. This knowledge is a valuable guideline for exploration. Many 
companies have expended millions of dollars on exploration, followed by subsequent 
evaluation, only then to find that the project is not viable. Many projects could have been 
proven nonviable before any expenditure. 
If an idealized ore body is not viable, exploration might still be undertaken--but clearly some 
alternative justification for the exploration is necessary. This early economic evaluation is 
designed to focus early attention on the primary objective--i.e., creating a profitable mine. 
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Flow Chart1: Preparing a mine schedule 
4.2.3 Ongoing Exploration 
Ongoing exploration around some known ore body serves two purposes: (1) finding more 
reserves and (2) understanding existing reserves to ensure greater reliability. Additional 
reserves usually translate into additional value in a straightforward way. Unfortunately, 
reserves that are simply understood better are not necessarily worth more than reserves that 
are understood to a lesser degree. 
For coal-mining applications, ongoing exploration seldom consists of finding more reserves; 
more likely, it is concerned with understanding and proving up already-delineated reserves to a 
greater degree of reliability. The raw volume of coal in the ground may be unimportant 
compared to the degree of faulting, folding, and quality changes that occur with an already-
delineated reserve. How can one tell whether extra reserves are economically a more 
important target for exploration than are faults, folds, or quality characteristics? Justifying this 
ongoing exploration is a complex task. More reserves usually mean higher potential 
production rates, efficiencies due to larger equipment, and fixed costs spread over larger 
outputs. Usually these gains are easy to quantify and this style of exploration is readily 
justifiable, but ongoing exploration aimed at improved reliability in the estimates yields its 
benefit in terms of lesser risk. Risk-based gains are harder its benefit in terms of lesser risk. 
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Risk-based gains are harder to quantify. Some tools for valuing risk reduction are set out in 
the second part of this book. For many metalliferous mining applications, ongoing exploration 
to delineate mining reserves can often be more easily quantified, since drilling costs are a 
significant contributor to the mining cost structure. A surface drill hole to intersect a deep 
underground ore body might cost 20 times as much as a drill hole underground from a 
position adjacent to the ore body, but it may not yield any more information. At some point 
the cost of drilling itself starts to impact mine economics. This problem is rarely an issue in 
coal mining. In many forms of mining, the cost of proving reserves is so high in proportion to 
the overall cost of production that it is more economical to proceed initially with a higher 
level of uncertainty. Choices for the long term--such as shaft, access, and infrastructure 
development--assume a long life even though reserves are reliably understood for only a few 
years. The alternative--to prove up 10 or more years of reserves first-The alternative--to prove 
up 10 or more years of reserves first- -subtracts from the realized return more than it adds by 
way of reduced risk as reflected in the lower cost of capital. 
Approach to Exploration Expenditure 
As with all other aspects of mining economics, the economic assessment of mineral deposits is 
subject to two powerful influences (among others), namely, the time value of money and the 
economics of information. It is the second of these-- the extra value from the extra information 
after extra drilling-- that is the major focus of attention her e.  A systematic procedure for 
evaluating mining projects and potential projects. One objective of the procedure was to 
maximize the value from any exploration and evaluation budget. This objective was partly 
achieved by minimizing expenditure in areas that are clearly uneconomic, particularly if they are 
easily identified early in the process. Under this procedure, the economic assessment of mineral 
deposits starts before the first drill hole is put in the ground and continues until the mine is 
finally closed. 
Data are always imperfect, and answers are always subject to uncertainty. Each evaluation can 
do no better than to use the best data available, however imprecise; a lack of information per se 
is not sufficient reason to delay economic assessment. Each assessment yields two results: 
 
 the estimate of expected value (return on investment, cost of production, etc.) 
25 
 
 an estimate of the reliability of the results Expected values, as well as the estimated 
reliability of these values, determines the need for more detailed evaluation. 
 Decisions regarding expenditure on additional information are themselves internal to the 
evaluation process. The end purpose of exploration drilling is to find and prove up mining 
propositions. The starting point--prior to exploration-- should outline the characteristics of some 
target mining proposition. A limiting condition--the best deposit that could be hoped for--should 
be assumed and its economics examined. If the "best" deposit is not economical, then there is 
little hope that lesser ones will be. 
An economic assessment of an assumed ore body is an important guideline for exploration. At 
minimum, it helps establish initial exploration priorities between, say, lower-grade shallow ore 
and higher-grade deeper ore. It also establishes priorities between reserve extensions that allow 
mine expansion and reserves extensions that increase mine life. If the "best" deposit is not 
viable, it does not mean that exploration should not go ahead, but it does mean that exploration 
must be justified on some basis other than finding a potential mine nearby. Once the technical 
characteristics of an ore body start to be understood, an economic assessment must be carried 
out. If nothing else, this first assessment ensures that future exploration budgets are productively 
spent. This first assessment--part of the strategic planning phase--should be started as soon as 
possible within the exploration phase and certainly prior to any detailed planning. The logic for 
this early assessment is constrained by three steps: 
1. For the detailed planning (project approval), detailed exploration is normally warranted 
only for the first few years of mining. The parts o f t he deposit t hat will be exploited 
during the f irst few years o f mining are quite ill defined until t he strategic p lanning 
phase is complete. Until t his stage is complete, t he d irection o f mining, the 
development strategy, t iming, and many other likely constraints on d evelopment are a lso 
very poorly understood. 
2. It is normally too costly to drill out in detail all of the possible starting points of the 
mine or to preassess all of the likely constraints. Even if the cost of exploration is small 
compared to the value of the deposit, constraints and limits that apply to one method may 
be unimportant for other methods or mutually exclusive to each other. At the very least, 
much effort is wasted. Detailed exploration work cannot be commenced until after the 
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strategic planning defines these guidelines. 
The initial economic assessment of a mineral deposit is therefore undertaken at the point where 
the deposit is understood only in broad terms. The objective is not to come up with a particular 
mine plan (although the preparation or attempted preparation of a plan is frequently the most 
convenient way to prepare such an assessment). The objective is to determine the economics of a 
likely mine plan, assuming such a plan is feasible. Future evaluation work is then directed at 
proving up the components necessary to ensure this  
4.2.4 Undeveloped deposits 
The valuation of undeveloped deposits is an important part of the economic assessment 
spectrum, as well as one of the most critical and sensitive issues concerning the worth of 
exploration and mining companies. There is a wide consensus on how these sorts of va luat ions  
should be conducted (i.e., on the basis of the present value of future cash flows), yet huge 
differences in valuation can commonly be observed.  
1. The use of average values. An "average" valuation includes some reserves that will be 
mined next year and some that won't be mined for another 20 years.  In present-day 
economic terms, these are vastly different reserves.  
2. The degree of confidence. Reserves are worth difference between their cost of 
production and the selling price. There may be a lot of volatility and uncertainty in the 
selling price. There may be a lot of uncertainty about the cost of production. If all other 
factors are equal, more uncertainties mean lower value of the reserves.   
3. Timing. Reserves are worth more if they are brought into production sooner. Their 
value is also dependent on the impact that additional production has on costs or 
profitability elsewhere.   
4.3 Reserves in the Ground:  
All estimates of the value of reserves in the ground begin with an estimate of the difference between 
the likely cost of production--including capital costs for any long-term valuation- -and the likely 
selling price. This difference represents the likely future cash flows to repay the cost of finding 
and/or acquiring the reserves. The present value of the likely future cash flows is calculated by 
discounting at the company's opportunity cost of capital. By convention, reserve valuations are 
normally presented as a dollar value per unit of reserves in the ground. 
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4.3.1 Mining Reserves:  
 Reserves of some commodities (e.g., silver) were small in terms of years of life, while other 
commodities (e.g., bauxite) had "proven" reserves of over 200 years at current rates of annual 
production. Economics, rather than the physical amount of material in the ground, was shown to 
be the major reason for this.   This section sets out a more realistic example of the optimum level of 
reserves in a productive mining application. 
4.4 INITIAL ASSESSMENTS 
Once a deposit has been identified, initial economic assessments can commence. Techniques for 
initial economic assessments have been developed for different types of deposits; however, the 
primary economic objectives are similar. Three techniques used as starting points for this are 
cutoff-grade analysis, pit optimization, and cost ranking: 
1.  Cutoff-grade analysis is used in mines where ore boundaries are defined primarily by 
economic criteria, e.g., porphyry copper deposits, polymetallic ore bodies, most 
underground (bulk) mining projects. 
2.  Pit optimization is used for most open pit hard-rock mines. 
3.  Cost ranking is used for shallow surface mines in bedded deposits, e.g., coal, mineral 
sands, phosphates, oil shale, tar sands. 
The three techniques are outlined in the following subsections. They deal primarily with the 
marginal costs of mining--the extra returns from the extra ore as the mine is extended laterally or 
deeper than with the base case plan. Capital costs and costs common to the whole operation 
(e.g., administration and marketing costs) are usually excluded. 
4.4.1 Cutoff Grades:  Cutoff grades are the key economic determinant governing the strategy for 
development of most underground hard-rock mines and mines where the grade of the ore body 
changes gradually over distance. Cutoff grades are extremely useful guidelines for short-term 
production operations. As grades decrease away from the main (higher-grade) ore, the cutoff 
grade determines whether the "next" block of material to be mined (either deeper or laterally) is 
classified as ore or waste  
 
4.4.2 Cost Ranking: Cost ranking is the key economic tool for valuing reserves and controlling 
the strategy for development of most shallow surface mines--particularly surface coal mines. As 
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mines progress into deeper overburden cover or as grades (or seam thicknesses) change, the cost 
ranking determines whether the "next" block of material to be mined (either deeper or laterally) 
is classified as ore or waste (2) considered economic or not economic, and (3) included in or 
excluded from the mine plan. 
4.4.3 Pit Optimization: Pit optimization is the key economic tool for valuing reserves and 
controlling the strategy for development of most open pit hard-rock mines. As mines get deeper 
and as grades and other ore body characteristics change, the pit optimization technique 
determines whether the "next" block of material to be mined (either deeper or laterally) is (1) 
classified as ore or waste  (or something else), (2) considered economic or not economic, and (3) 
included in or excluded from the mine plan. Pit optimization tools have traditionally been used 
primarily as long-term planning aids, with shorter-term economic comparisons being done by 
using cutoff-grade techniques. For the long-term design, pit optimization ensures that when a 
company decides to stop mining in one particular direction, the relative economics of the ore on 
the boundary are the same as relative economics of the ore on the boundary are the same as the 
relative economics at the limits of mining on any other boundary. 
4.5 CAPITAL VALUES AND DEVELOPMENT STRATEGIES 
Each of the three techniques--cutoff grades, cost ranking, and pit optimization--leads to mine 
plans that maximize the value of the resource within certain constraints. However, there is 
nothing to ensure that this maximum value is actually positive. The mine does not need to be 
profitable for one to undertake these sorts of analyses on it. 
This leaves at least three important issues unaddressed: 
1. The origin of costs. The techniques are largely concerned with operating costs. The extra 
costs of mining extra ore are usually the operating costs. The initial application of the techniques 
requires the user to assume certain operating costs. However, the to assume certain operating 
costs. However, the operating costs are a function of the equipment and methods deployed, and 
the equipment and methods deployed are a function of production, and production is a function 
of reserves. In practice, the equipment suited to many deposits can be quite clearly defined in 
advance, yet this still doesn't solve all of the problems. Truck haulage by contractor implies the 
whole cost is an operating cost (the rate includes an amount that the contractor applies to 
repaying his or her capital), but truck haulage using identical owned equipment has a lower 
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operating cost because it excludes capital repayment components. 
2.  Accounting for fixed costs. The techniques include as "ore" everything that makes a positive 
contribution to the value of the mine--but they are based on an implicit assumption that the mine 
is already established. If the extra revenues received (from extending the limits of mining) 
exceed the extra costs, the block should be included. 
4.5.1 Limiting the Mining Options Available 
In a mine plan with thousands of potential mining blocks, assessment of the capital and 
operating cost trade-offs and optimum development strategy is not a trivial process. For practical 
purposes, it is usually addressed in two steps: 
1. Establish the maximum and minimum production rate and capital cost that would apply to 
the mine given its known or assumed cost structure. A mine that requires the construction of a 
new railway and port is unlikely to be viable at low production rates. 
2. Within the limitations just mentioned, establish the key constraints having a significant 
influence on the mine's development and economics. This usually reduces the possible choices 
much further. For example, large, electrically powered equipment may be infeasible in remote 
mine sites with no connection to the power grid. Each potential mining method has different 
maxima and minima for both production and capital investment. The deposit will have to be 
considered at least as many times are there are different mining methods to exploit it. 
4.6 Strategic Assessment of Mining Projects 
Once a potential mining development has been identified, how does technical evaluation 
proceed in a rational way, accounting for the economics of information as well as the 
economics of mining? 
A strategic assessment--based on economic criteria--is an important element in this rational 
decision-making process. This assessment, as well as how well it is understood, is probably 
the greatest factor differentiating successful projects and successful companies from those that 
are less successful. The difficulty is that, from very early in the evaluation process, some 
broadly assumed final development scenario defines a path along which new information and 
new studies are directed. If information were free and took no time to prepare, all information 
could be found and a simultaneous comparison of alternatives undertaken. However, because 
information is gathered and evaluated sequentially in successive rounds of evaluation, the 
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process is path dependent. 
Alternatives that might be equally attractive in economics terms may never get to be 
compared. One of them may be eliminated early in the evaluation process when its good 
characteristics are less understood but when the bad characteristics of some other alternative 
are not yet evident. Strategic assessment must be undertaken early in the evaluation of a 
project, and it must be as broadly based as possible. The direction and priorities for subsequent 
exploration and evaluation effort may change radically depending on which constraints of the 
intended mining method need to be satisfied. In addition, the skill requirements of the 
evaluation and development team may be quite different for each alternative. The presumption 
of one or another method will result in path- dependent subsequent decision making. This 
path-dependent influence introduces the risk that choices will favor the skills of influence 
introduces the risk that choices will favor the skills of the participants rather than (more 
correctly) being made based on the inherent characteristics of the deposit itself. 
4.7 Selection of Reserve Blocks and Phased Mine Development 
Optimum mine development typically requires a balance between 
 averaging the good and bad characteristics of a resource to balance equipment utilization 
and for consistency of mine output 
 deliberately selecting more profitable blocks in the early mine life to maximize the 
advantages of early cash flows 
The averaging process might mean blending for consistent (average) quality. It might mean 
mining blocks of high waste: ore ratio simultaneously with blocks of low waste: ore ratio. The 
focus on selecting the more profitable blocks early is to balance the higher profitability of 
these blocks with interest repayment and capital imposts that are most severe at the start of 
the mine. 
4.8 Comparison of Mining Equipment Options 
Mining operations continually change. Existing equipment becomes less suitable to the task. 
New equipment is continually developed to move mining quantities more cheaply. In an 
ongoing mining operation, or in the detailed planning phase of a new mining development, 
the most common task requiring economic analysis is the exercise to compare two or more 
potential alternatives. 
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There is no one technique suited to all of these forms of evaluation. Nevertheless the 
following guidelines should be used: 
 If there is a different capital and operating cost mix between options, then a discounted 
cash flow is essential--including consideration of taxation effects. If the production rate 
between alternatives is the same, then usually the comparison can be undertaken in 
isolation with the rest of the mine, describes the standard discounted cash flow 
analysis for this type of evaluation. 
 Where the comparison is based on incremental costs over a short term then only direct 
cash costs should be considered. In this kind of example, depreciation, interest charges, 
or "fixed" operating costs (such as head office overheads) may be ignored. For most of 
the cases involving comparison of alternatives, some form of discounted cash flow 
technique is appropriate and yields reliable results. 
 
Table1:  Typical equipment cost  schedule  
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4.9 Overall Project Evaluation 
The evaluation of an overall project is usually undertaken by using discounted cash flow 
techniques. A technical study initially yields tabulations of the required equipment, personnel, 
and supplies necessary during each year of preproduction and production to produce a certain 
amount of mine output. The costs of purchasing and operating the equipment are combined 
with personnel and other costs to determine the overall cost structure of the mine. The 
expected revenue from the sale of the mine output is also estimated. A cash flow tabulation 
sets out all of these cash inflows and outflows year by year (including tax payments) to 
determine the annual cash flows for the project. 
In most mining projects, there is a large cash outflow in the early years due  to purchases of 
mine equipment, followed by cash inflows later in the mine life. After discounting of future 
cash flows back to their equivalent present values, the overall net present value (NPV) of the 
project is determined. If the owners consider that there is sufficient value in proceeding with 
the project compared to any alternative courses of action, then they can make a decision 
accordingly. 
Every company has limited resources, and (unless the project is small compared to the 
resources of the company) the decision to proceed will be dependent on concurrent similar 
evaluations of alternative projects. For this reason, whole- project analysis is a time-
consuming procedure. In the end, support from company boards will be forthcoming only if 
the support from company boards will be forthcoming only if the funding for a given project 
fits into a time frame consistent with all other demands on the company's resources. The 
following example demonstrates some of the issues that may arise in evaluations of alternative 
projects. 
For a complete evaluation of a project or a feasibility study, many other costs must also be 
considered, including 
 administration 
 development (exploration and land purchase) 
 mine site buildings, roads, and power supply 
 freight 
 royalties and government charges 
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 off-site infrastructure, such as townships, road access, power, and water supply 
Because these costs typically do not involve large mining equipment and may not be directly 
controllable by the mine- planning personnel, they have been categorized in this chapter as 
indirect costs. 
4.10 Labor numbers and costs 
In the developed world, labor costs often represent 50% or more of controllable operating costs 
in a mine. This section sets out a step-by-step procedure to derive whole-mine labor numbers 
and costs from first principles. There are three steps in this process: 
1.  Develop an organization chart showing all site personnel. Production activities that 
have been separately identified are grouped on the chart by cost separately identified 
are grouped on the chart by cost center. 
2.  Tabulate all the personnel on the chart who are not associated with specific equipment 
or already-defined cost centers. Most technical and administrative staff will be 
categorized this way. Workforce personnel not explicitly allocated to machines (such 
as the blasting crew) are also grouped in their appropriate cost center (such as 
"drilling and blasting"). 
3. Tabulate all personnel directly associated with each cost center--i.e., personnel 
associated with equipment already selected. 
In open pit mining, almost all members of the operating workforce are directly associated with 
equipment. Similarly, maintenance labor estimates are strongly related to the mine equipment. 
In underground mining, most of the members of the operating workforce are associated with 
defined activities. Although there may be specific equipment associated with these activities, the 
equipment operating time may not bear a strong relationship to the number of operating 
personnel involved in the activity. 
For operators directly associated with equipment, the workforce numbers proceed from the 
equipment operating hour schedule via division by the scheduled time each year that an operator 
is working the machine. The numbers of equipment operators determined   
are not generally integers. In some cases, this can be interpreted as meaning a whole operator 
will work for part of a year. In some cases, rounding up to the nearest whole number might be 
necessary during the final tabulation. 
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The organizational structure of the mine is usually the most logical categorization of labor. The 
organization chart shows responsibilities and reporting lines and subdivides the organization as a 
whole into cost centers and divisions that often correspond with cost centers used elsewhere in 
the mine costing. Typical divisions are 
 production 
 maintenance 
 engineering 
 administration 
 safety, personnel, and industrial 
These can further be subdivided into cost centers. For example, within the production division, 
cost centers would include 
 drill and blast 
 waste removal 
 loading and hauling of ore (or coal) 
 pit service activities (e.g., road maintenance) 
 pumping 
The hierarchy of the organization chart integrates the components and allows easy dissection of 
the costs at each level and/or cost center.  
4.10.1. INDIRECT COSTS 
Whether a cost is direct or indirect depends on the perspective of the person preparing the cash 
flow and sometimes on the amount of effort needed for the calculation. There is a amount of 
effort needed for the calculation. There is a tendency to rank the importance of some item 
according to the amount of effort needed to calculate it. Sometimes very large costs are 
categorized this way. The danger is that more important--i.e., controllable--costs can be 
overlooked just because they are outside the immediate frame of reference of the person preparing 
the cash flow. 
Assuming that the cash flow is being prepared by a mine- planning person and that anything 
outside the mining operations area is an "indirect" cost, the following items should be examined 
for inclusion in the cash flow: 
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 government charges 
 freight 
 civil works 
 development costs 
 administration costs 
 pit and maintenance services 
 
4.10.2. Government Charges: Government charges include royalties and property taxes, as well 
as levies and bonds for reclamation. They are usually sourced from discussions with government 
bodies. 
Freight: In many mining countries, transport of product from mine site to port is controlled by 
government-regulated transport methods. In this case, freight charges may not be negotiable and 
are therefore simple to obtain by contacting the relevant department or contractor. If freight 
movements involve construction and running of a railway, this railway may call for a very 
substantial design study and require cash flow analysis a very substantial design study and 
require cash flow analysis in its own right. In such a case, it will be categorized under the civil 
works cost center or as a completely separate part of the analysis. 
4.10.3 Civil Works: Civil works can be subdivided into on-site and off-site works. On-site works 
include roads, dams, buildings, and power supply; they usually include everything within the 
mine gate. For a broad-brush study, estimates built up from published civil construction 
handbooks or magazines are adequate (e.g., a certain dollar amount per square meter or square 
foot for buildings and another dollar amount per kilometer or mile for roads). For detailed 
feasibility studies, civil works must be designed and then costed by the appropriate professional 
group, such as civil, electrical, or mechanical engineers.  The expenditure on civil works in a 
large project is commonly very substantial. Detailed assessment of these costs is normally 
outside the scope of work assigned to mining engineering staff, as well as outside the scope of 
this text. 
4.10.4 Development Costs: Development costs include 
 exploration 
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 land purchase 
 the costs of investigations (e.g., groundwater) 
 feasibility studies, consulting, and permitting 
Cost estimation is usually by quotation. Land purchase costs are usually estimated from valuing 
adjacent areas. Exploration is usually costed in consultation with the geologist on the project and 
drilling contractors.   Although these costs are not always a large component of total costs, 
development costs are high risk--much of this expenditure must be made before commitment 
when there is no guarantee the project will proceed. Hence, they are closely no guarantee the 
project will proceed. Hence, they are closely scrutinized and are often subject to some 
compromise. 
4.10.5 Administration Costs: Administration costs involve head office and site administration 
before and after project commencement. Items include staff salaries, communications, advice 
from specialist consultants, plus computers and other office-running costs. These are best sourced 
from similar operations. Marketing costs are often very substantial in projects supplying a 
diverse range of products to varying world markets--particularly when a high proportion of off 
take is to shorter-term contracts. 
Pit and Maintenance Services: Pit and maintenance service items are sometimes categorized as 
direct costs and sometimes as indirect costs. They include 
 light vehicles 
 cranes 
 general workshop costs 
 pumps, lights, and miscellaneous equipment 
Capital costs are easily obtained from suppliers, whereas operating costs of small plant are 
quoted as dollars per week or month rather than on an hourly basis. 
4.11 Building up a cash flow 
This section addresses the issues associated with building up a cash flow, including a cost 
database, cost centers, and the process of taking data from the original mine production 
schedules up to tabulating the final cash flow. 
4.11.1 Cost Database: Cash flows are usually derived by multiplying operating items 
(Such as fuel and explosive quantities used) by their unit costs.  
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 supply costs 
 equipment costs 
 labor 
 miscellaneous
 
Table2: Cost Database 
 
4.11.2 Cost Centers: To rationalize cost estimation, whole-project studies should be divided into 
cost centers, or groups of activities related by function. Within each cost center, a budget 
estimate can be determined to include 
 equipment operating costs (fuel, consumables, and materials) 
 labor 
 capital expenditure 
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COST CENTER COMPONENT COST CENTER COMPONENT 
DEVELOPMENT Exploration,land 
purchasing,Feasibility 
studies 
ADMINISTRATION Haul 
Office,Management,Engineer
ing,Stores 
WASTE 
REMOVAL 
Ground 
Preparation,Drill& 
Blast,Overburden 
ORE MINING Drill&Blast,Grade 
Control,Ore mining 
PROCESSING Crushing,Stock piling PIT SERVICES Dewatering,Road 
Maintainance 
MAINTAINANCE 
SERVICES 
Cranes,Workshop costs SURFACE 
FACILITIES 
Site Buildings,Site power 
&water supply,Mine waste 
FREIGHT Rail, 
handling,government 
royalties 
OFF-SITE 
INFRASTRUCTURE 
Township,Roads 
 
Table 3: Typical whole mine cost centers 
 
Fig 4: Typical organization chart 
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The whole-project costs can be presented in more meaningful form showing only the costs 
pertaining to a particular set of cost centers.  
The steps in the preparation of this final cash flow are as follows: 
1.  The production schedule is prepared, with all major plant components itemized, the shift 
configuration specified, and all production quantities and quality characteristics (by time) 
determined. 
2.  The schedules of major operating items, such as equipment operating hours and usage of 
operating supplies (consumable quantities), are prepared. 
3.  The project is divided into cost centers. 
4.  Equipment purchase and replacement schedules are determined either directly or from the 
operating are determined either directly or from the operating hour schedule. Labor numbers are 
calculated similarly. 
These form the major input to the costing schedules. These operating schedules are multiplied by 
the unit costs from the cost database to calculate 
 equipment operating costs 
 labor costs 
 total operating costs 
 total capital costs 
 cash outflow 
After these schedules of annual costs are prepared, a more detailed economic evaluation (or 
financial evaluation) can be undertaken where additional inputs are  incorporated, including 
 revenue estimates and future market conditions 
 taxation, alternative schemes that may save or delay taxes, and depreciation 
 escalation, as well as likely changes to the plan if characteristics of the mine change 
 interest rates, debt/equity considerations, and corporate structure 
 strategic risk assessment 
 sensitivity analysis 
This cycle may have to be repeated many times before a project reaches the implementation 
stage. 
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CHAPTER 05 
        RISK ANALYSIS 
 
5.1 Introduction: 
This chapter looks at discount rates and the relationship between risk and return. It develops 
the conceptual tools for making comparisons. It sets out one case study that illustrates how to 
value uncertainty in an analytical way. It sets out guidelines for applying these trade-offs in a 
generalized, objective way. 
5.2 Determining the appropriate discount rate: 
The valuation of capital assets is a function of the expected future earnings (including the 
probability that they will materialize) discounted at a rate  that reflects the time and risk 
preferences of the participants. 
Low discount rates reflect more confidence in the future and increase the present value of all 
projects. Under low discount rates, projects with a longer-term payoff become more viable 
relative to projects with shorter-term payoffs. Nevertheless, low interest rates (and low 
discount rates) are not necessarily good or better than high rates. Developing for the long 
term is not necessarily good or better than focusing on the shorter term. The highest rewards 
will go to the business enterprises whose products and services are most consistent with 
demands in the economy as a whole. 
This section is usefully started by stating up-front one of the primary problems with discount 
rate determination as commonly applied: that companies seek a certain minimum return under 
a strong expectation that it will not be forthcoming. Most companies might be happy with, 
say, a 10% return on investment if that return had a strong guarantee of materializing. Yet 
because of poor past performance or an inability to define investment requirements in a more 
robust inability to define investment requirements in a more robust way, they set their 
acceptance or rejection criterion at, say, 20%. In so doing, they tilt the economic playing field 
toward certain types of investments to the exclusion of other investments that offer greater 
potential to achieve the (real) objective. This is not the path to more  reliable decision making. 
The criterion to be used by a company may be quite different than that used by individual 
shareholders. Individual shareholders engaging in risky investments on their own account will 
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limit their total investment to a relatively low figure.  A company whose shareholders all have 
the same characteristic aversion to risk can happily invest many times this amount because of 
diversification.   
A project likely to pay off handsomely after 15 years (but pay nothing prior to this) may be 
of limited interest to individuals yet may still be appropriate for a company made up of the 
same kinds of individuals. Earlier returns are realizable by individuals through stock 
appreciation, even if the project itself has not yielded any returns. The path from individual 
risk/return trade-offs (in the mind of an individual shareholder or individual board member) to 
corporate-wide risk/return trade-offs is interspersed with many irrelevant sidetracks--all of 
which inhibit fulfillment of the objective. 
Mining industry investment traditionally demands a higher return because of the higher 
perceived risk. Nevertheless, simply adopting a higher threshold rate does not resolve the issue 
in cases where alternatives are subject to different risk. For sustainability of long-term returns, 
the threshold expected return on investment for a particular project should be greater than or 
equal to the cost of capital for that project plus premiums for 
 the cost of exploring for and evaluating new projects to ultimately replace the 
economic reserves being depleted by this project 
 the cost of maintaining the company "knowledge" base and other intangible company 
assets to actually deliver operational capability on this and any (future) replacement 
projects 
 additional risk associated with the project until it starts performing with sufficient 
consistency so that it can be assessed by the market place. 
Unlike with the manufacturing industry, the rate at which existing knowledge is made 
redundant is much higher in mining. As mines advance, mining techniques change. As a 
result, the mastery that the company has acquired for the existing technique is no longer 
relevant. 
The above criteria are sufficient only for sustainability of returns. A company will grow more 
quickly insofar as returns exceed these starting requirements. Growing earnings (when 
discounted to the present) mean the company in total is worth more. An expectation of 
growth will therefore result in a reduced cost of capital through share price appreciation--at 
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least while this expectation is sustained. 
Historically, the average return from mining company portfolio investments has not been any 
greater than for any other grouped investments in the stock market, after adjustment for higher 
volatility compared to the market as a whole. This is to be expected. Unless a company is 
purposely harvesting its returns from existing projects, its performance will of necessity be 
reduced by the expenses of 
 absorbing ongoing exploration 
 absorbing and assimilating technology for the next phases of developments without 
being able to fully capitalize on the "just-learned" technologies 
 absorbing the losses from the proportions of projects that yielded the lower-than-
expected return, insofar as they were not counterbalanced by the projects that yielded 
the higher-than-expected return. 
There is a big difference between expected returns in the stock market and expected returns 
from individual companies and projects. Individual projects do not have sufficient diversity 
and must be assessed on a case-by-case basis. Nevertheless, even for one company with all of 
its investments performing according to its investment criteria, the costs of renewal (finding 
replacement deposits, upgrading technology) will always reduce the return to the company to 
a number less than individual project return. 
5.3 Expected returns and the cost of capital: 
5.3.1 Capital: The expected return that a new project must yield is ultimately determined by 
the return available from the best alternative use of a company's resources. The number of 
alternatives available to a company at any one time is limited, and most firms use guidelines 
for their "required" return. New projects must demonstrate a return exceeding this guideline to 
be considered, even though actual approval will still be subject to prioritization of capital 
resources according to return. 
If the world were a fully competitive and economically efficient place, then there should be 
very little difference between the return on investment being sought by companies, on the one 
hand, and the cost of capital on the other. 
A very common guideline used by large companies in the mineral industry is an after-tax 
discounted cash flow return of 15%, assessed on a constant money basis (over and above 
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inflation). Most large mining companies enjoy an after-tax cost of capital less than half of this 
guideline. 
Since this is a common guideline, yet few companies achieve this return on average, a 
reconciliation of the aimed-for return and the achieved return is warranted. If a company is to 
stay in business in the long term, then the minimum return must at least cover the cost of 
capital. There are two primary reasons for the observed (large) difference is two primary 
reasons for the observed (large) difference between the "expected" return and the cost of 
capital. The cost of capital for an individual investment is not exactly the same as the average 
cost of capital for a firm. Moreover, firms are seldom risk neutral with respect to large capital 
investments, and their tolerance for risk influences the premium sought above the cost of 
capital. These two issues are addressed in the following two subsections. Even if short-term 
market reaction or individual project finance costs are not used as the indicators of the cost of 
capital, long- term debt and equity costs are still predicated on a historical expectation of 
repayment. If this expectation is called into question, then the cost of capital will change. In 
an assessment of an individual project, what is the marginal cost of capital that should be 
used as the benchmark for determining risk?  
5.3.2 Risk Tolerance: The Uncertainty Criterion 
Once a project offers a return exceeding this cost of capital, can it be started? A large 
company investing in hundreds of small projects can probably proceed on this basis. New 
mining investments are not normally started by the hundreds, however, and the diversity that 
benefits small projects cannot be counted upon.  
This lack of diversity foreshadows the second element in the investment decision process: a 
recognition that no rational investor participates in a major project with only a 50% chance of 
success. This is essentially what the "expected" return denotes. Clearly, to be considered, 
projects must have a high chance (perhaps a 90% probability) of exceeding the cost of capital. 
If there is a 10% probability of the return being less than the cost of capital, then the "expected" 
return (corresponding to a real return that typically has an equal chance of being either greater 
or lesser) must be substantially more than the cost of capital. The uncertainty criterion is a 
general term for the risk tolerance of the organization. In simple terms, if a firm wants new 
investments to have a 90% chance of exceeding the cost of capital, then they are more risk 
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tolerant than a firm that wants a 95% chance. There is also a second way of considering this 
criterion; this way can be expressed in terms of cost of capital, selling price, or any other 
input to the decision process. It may be expressed in question form as follows: Given current 
selling prices, what would the cost of capital have to be for the project to satisfy the tolerance 
for risk? The problem can also be framed in terms of selling price (or any other unknown 
subject to uncertainty): Given the cost of capital, what would the selling price have to be for 
the project to satisfy the tolerance for risk? It is this second way of framing the problem that 
opens up major possibilities for capital investment choice under uncertainty. The uncertainty 
criterion also applies in a more subjective way to choices that cannot be readily quantified. In 
these cases, the cost-of-capital measure is replaced by some reservation value that must be 
exceeded with high probability for a choice to be acted upon. Thus, the impact of local or 
global wars, political uncertainties, and industrial and environmental disruption can be 
assessed first via this precondition, at least in a subjective way. Do firms actually make 
investments according to this model, or are firms normally risk neutral as suggested in most 
economics texts? Individual decision makers within firms can be risk averse while still making 
decisions on behalf of the firm in a risk-neutral way. Most observers would not support the 
risk- neutrality model in the minerals industry.  
For example, increased fluctuations in the selling price of a mineral typically cause a hiatus in 
new investment relating to that mineral even where the overall trend is for an increasing price. 
A risk-neutral firm would be influenced only by the overall price trend, not the fluctuations 
about this trend line. 
5.3.3 Guidelines 
While the difficulty in quantifying the model and many of the preceding issues is 
acknowledged, a number of adjustments to any fixed guidelines are self-evident. 
1.  Projects that enhance the existing businesses of a company have a lower cost of 
capital than projects that take the company into new areas. Markets will assign the 
lowest premium and the lowest cost of capital to businesses that they understand the 
best. For two projects exhibiting the same expected return on investment, the one that 
is most consistent with existing business is favored. 
2.  Projects that have extensive reserves--beyond the typical 15-year life of discounted 
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cash flow studies-- can proceed with lower returns because they have elements of 
value not normally included in DCF calculations. They contain reserve extensions to 
replace ore that is worked out. Further, the projects include an option to expand or 
extend, and this option is worth something. 
3.  The likely changes in technology throughout a project life should be considered. 
Projects for which the viability is sheltered from the pressure of change 
(e.g., coal mines supplying captive power stations) may proceed with a lower return 
because they demand a lesser commitment to funding corporate technology 
development. 
4.  Asymmetry of returns frequently stems from a project's inability to capitalize on 
beneficial events (e.g., short-term price increases) and the inefficiency of being reactive 
rather than proactive to adverse events. Projects for which the deposit characteristics, 
industrial climate, or financing and management structure limit this sort of change 
should indeed be discounted (i.e., require higher rates of return) in discounted (i.e., 
require higher rates of return) in comparison with projects that have the scope to 
capture "upside" potential. 
5. on the basis of the uncertainty criterion (probability of exceeding the cost of 
capital), projects with lower risks should be treated differently than projects with 
higher risks. 
5.3.4 Value as a function of risk 
The relationship between risk and return for financial instruments has been well understood 
since at least the mid- 1960s, when economists developed the capital asset pricing model. 
(Original work on portfolio diversification to reduce the standard deviation of returns is 
credited mainly to Markowitz Initial work on the capital asset pricing model is credited to 
Sharpe, Lintner, and Treynor;  This model states that, in a competitive market, the expected 
risk premium varies in direct proportion to the variability of the instrument compared to the 
market. This model has proven to be most successful for stocks and bonds, and particularly 
for financial instruments that have well established records of variability and for which a 
competitive market exists. 
Unlike financial instruments, individual capital investments by firms cannot rely on any well-
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established record of variability since each investment is unique. Some elements of variability 
can be understood (e.g., mineral commodity prices) and certain types of investments may 
correlate with previous investments of the same type, but unlike with stocks and bonds, past 
performance is only a weak indicator of future variability of individual new investments. In 
addition, unlike with stocks and bonds, at the time the decision is made the value of new 
investments does not have the benefit of a competitive market assessing its value over time. 
This section illustrates how the uncertainty criterion can be used to assess the appropriate 
premium for individual elements contributing to the uncertainty of an individual investment 
contributing to the uncertainty of an individual investment. Results are not derived from the 
capital asset pricing model, but they are not inconsistent with results that might flow from 
such a model were it possible to apply to individual unique investments. 
5.3.5 The value (and difficulty) of probabilistic assessment: 
To identify the variability of just one input is usually a fairly straightforward task. Personnel 
experienced in one particular area can usually develop consensus as to the variability of 
certain components. For whole-project analysis, requiring multiple interacting variability, the 
problem expands substantially. The difficulty in estimating the underlying probability in these 
sorts of assessments is acknowledged, but this does not mean that meaningful knowledge 
cannot be gained even with this limitation.  
1.  They provide a mechanism for personnel who understand any element of uncertainty to 
quantify this element. Individual subjective or objective element. Individual subjective or objective 
assessments can be separately defined but collectively analyzed. The discipline imposed on 
individual skilled team members to consider uncertainties in their area of knowledge 
frequently results in substantial changes and improvements in the robustness of plans. This 
knowledge often cannot be drawn out and assimilated in any other way. 
2.  There are certain elements that are incorrectly portrayed in any deterministic analysis. 
Using a deterministic variable is tantamount to assuming no variability--a case that may result 
in a systematic error. Even an assumed underlying stochastic characterization will commonly 
yield more reliable results than a deterministic assessment that assumes no such variability. 
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CHAPTER 06 
CASE STUDY 
 
BHUBANESWARI OC EXPANSION PROJECT (20.0 MTY) 
PURPOSE OF THE REPORT 
Bhubaneswari Opencast Expansion Project (20.0 Mty) (10.0 Mty incremental) is located in 
eastern part of Talcher coalfield, Angul district, Orissa.  Increase in demand of power grade coal 
has been foreseen in the coastal region of southern India. Talcher coalfield is the source of coal 
for these power stations. From the demand and availability forecast of MCL that there is 
increasing trend of deficit of coal. To bridge the deficit, production, from the proposed 
Bhubaneswari OC Expn. (20.0 Mty) (10.0 Mty incremental) will go towards meeting the gap 
between demand & availability. Bhubaneswari OC Expn has been identified as one of the project 
in ‗Emergency Coal Production Plan of CIL‘ to meet the additional demand. 
6.0 STUDY AREA PROFILE 
Location (Plate No.IB) 
The proposed expansion is located in Bhubaneswari geological block and falls in eastern part of 
Talcher coalfield. It falls within latitude 20
o
 57‘ 59‖ and 20o 58‘ 43‖ (N) and longitude 85o 09‘ 
10‖ and 85o 11‘ 37‖ (E). 
Topography 
The area is gently undulating, slope is towards north. The elevation varies from 85m to 110 m 
above MSL. The southerly flowing Brahamani river in the eastern side controls drainage of the 
area. There is one seasonal nullah, ―Banguru Jhar‖ that flows in the northern extremity of the 
block and drains in to the Brahami river at the north of Talcher town. 
6.1 PROJECT PROFILE 
(a) Project Boundary: 
North : Arakhapal Geological Block. 
East : Sakhigopal Geological Block. 
South : Lingaraj OCP 
West : Ananta OC Expn. Project. 
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(b)Mining lease 
1. Bangaru Nallah 
 2. Brahmani River  
3. Nandira Jharz 
4. Singhada Jhara  
5. Bhalutunguri Stream 
 (c) Description of Core Zone 
The core zone of the project comprising of excavation zone, infrastructure area, OB dump, safety 
zone for blasting, etc. covers partly and/or fully the land from 13 (thirteen) villages namely, 
Nakulbaspur, Ambamunda, Balugaon-Khamar, Kandhal, Anandipur, Hensamul, Jilinda, 
Naraharipur, Longijoda, Madanmohanpur, Bira Ramachandrapur, Alhadanagar (uninhabited), 
and Khanduabahal (uninhabited). Out of the above villages, 1012 families from 3 (three) villages 
namely, Hensamul, Jilinda and Naraharipur shall face involuntary displacement due to this 
project as Longijoda & Madanmohanpur villages have been considered in the adjoining Lingaraj 
OC Expn. Project.  
(d) Geology 
(i) Ten seams namely, Seam- II, III, L1, IV, V, VIA, VIB, VII, VIII & IX 
will be worked in this project. 
(ii) The grades of coal are D, E, F & G (mostly E & F). 
(iii) The mineable reserve is 374.12 million tonnes. 
(e) Main consumers 
Coal from this project will be supplied to basket linkages of Talcher Coalfield / Thermal Power 
Station. 
(f) Mining parameters 
 Present status 
1. Bhubaneswari OCP (10.0 Mty) project report was approved for coal and OB out 
sourcing variant by Govt. in January 2005. 
2. Project report of Bhubaneswari OCP Expn. (20.0 Mty) (10.0 Mty incremental) has 
been approved by MCL Board in its meeting held on 22/12/2007. 
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3. Compensation payment for 188.70 ha of tenancy land of Jilinda village has been 
completed. 
4. Rehabilitation & resettlement is in progress. 
5. Forest clearance proposal for Stage-I has been granted for 112.52 ha on 16.10.2002 for 
the first 25 years of life of the project. 
6. Stage-II forestry clearance has been accorded for 112.52 ha on 06.12.2004. 
 Mining technology 
Considering the geo-mining conditions, shovel-dumper system is envisaged for both coal and 
overburden. 
Coal wining, OB removal and transportation 
For coal wining and transportation shovel (14.0 cum capacity) and 100 T coal body rear dumper 
have been envisaged. For OB removal shovels (14.0 cum and 9.5 cum) and 170 T rear dumpers 
have been provided. The coal winning and OB renewal will be out sourced. 
Targeted output 
The project will have a production of 20.0 Mty. 
Life of the mine 
The life of the mine has been estimated to be 25 years. 
Production of Coal and OB 
As per the calendar plan, the targeted capacity will be achieved in the 9
th
 year of project life. The 
total volume of OB to be removed for this project is 251.39 Mm3. The estimated coal for this 
project is 374.12 Mt. The overall stripping ratio works out to be 0.67 cum/t. 
Economic parameters 
  Total capital investment is Rs.490.10 crore (out sourcing) 
  EMP capital investment is Rs. 74.87 crore 
  Total cost of mine closure is Rs. 96.53 crore.. 
6.2 COST ESTIMATE 
Total capital for the project is Rs. 490.10 crore (out sourcing). The capital for EMP is about 
14.11% of the total initial capital investment. The revenue cost impact of EMP is Rs.9.82 per 
tonne of coal produced. 
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TABLE 5: Projection of NPV of the mine from the Balance Sheet 
 Pre production 
period 
Year of operation 
20
07 
200
8 
200
9 
1 2 3-5 6 7 8-11 12 
Gross income    220 440 440 440 440 440 440 
Cost deductions  
Operating costs    120.8 241.6 241.6 241.6 241.6 241.6 241.6 
Depreciation    43.064 43.064 43.064 43.064 47.064 47.064 47.064 
Deferred 
exploration and 
development 
 
   13.6 13.6 13.6 - - - - 
Net income before 
taxes 
   81.24 141.736 141.736 155.336 151.336 151.336 151.336 
State and local 
taxes @6% 
   4.87 8.504 8.504 9.32 9.08 9.08 9.08 
Net income before 
depletion 
   76.37 133.232 133.232 146.016 142.256 142.256 142.256 
Depletion(50%of 
net income) 
   38.185 66.616 66.616 73.008 71.128 71.128 71.128 
Net income after 
depletion 
   38.185 66.616 66.616 73.008 71.128 71.128 71.128 
federal 
tax@50% 
 
   19.1 33.308 33.308 36.504 35.564 35.564 35.564 
Net income after 
taxes and 
depletion 
   19.1 33.308 33.308 36.504 35.564 35.564 35.564 
Depreciation    43.064 43.064 43.064 43.064 47.064 47.064 47.064 
Depletion(50%of 
net income) 
   38.185 66.616 66.616 73.008 71.128 71.128 71.128 
Deferred 
exploration and 
development 
   13.6 13.6 13.6 - - - - 
salvage           
Pre-production 
costs 
          
Initial plant and 
equipment cost 
-170
 
-21
8
.8
 
-21
9
.2
 
       
replacement        24   
Working capital    30.2 30.2      
Net cash flow -170
 
-2
18
.8
 
-2
19
.2
 
83.749 126.388 156.388 152.576 129.756 153.756 268.956 
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CHAPTER 07 
DEVELOPMENT OF PROGRAMS 
Apart from the literature survey on various aspects of investment analysis from books, journals 
as well as compilation of relevant information and data, development of programs based on C 
and C++ language for calculating the various investment appraisal methods as well as the other 
aspects of financial analysis have been done. 
The main aim of the project work is to evaluate the different investment criteria and finding the 
acceptance or rejection rule associated with it. Much stress is also being laid on the analytical 
criteria to find out the break-even point as well as the risk associated with the project. 
 The following programs have been developed in this project: 
1) Calculation of pay-back period 
2) Calculation of annuity 
3) Calculation of Net Present Value 
4) Calculation of break-even point. 
 
1//FINDING THE PAYBACK-PERIOD: 
#include<iostream.h> 
#include<conio.h> 
void main () 
{ 
int a, n; 
long x; 
clrscr (); 
cout<<"\n Enter the capital outlay: Rs."; 
cin>>x; 
cout<<"\n Enter the annual cash inflow: Rs."; 
cin>>a; 
n=x/a; 
cout<<"\n The payback period :"<<n; 
cout<<"years"<<endl; 
getch(); 
} 
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2//CALCULATION OF NET PRESENT VALUE 
#include<iostream.h> 
#include<conio.h> 
#include<math.h> 
void main() 
{ 
long c,a[10],p; 
int n; 
float i; 
clrscr(); 
cout<<"Enter the cost of investment proposal,C:Rs."; 
cin>>c; 
cout<<"Enter the number of years,n:"; 
cin>>n; 
cout<<"Enter the required rate of return,i:"; 
cin>>i; 
i=i/100.00; 
for(int j=1;j<=n;j++) 
{ 
cout<<"Enter the cash inflows,A:Rs."; 
cin>>a[j]; 
} 
int sum=0; 
for(int t=1;t<=n;t++) 
{ 
p=(a[t]/(pow((1+i),t))); 
sum+=p; 
cout<<"\nThe present value of cash inflows:Rs."<<p; 
} 
int npv; 
npv=sum-c; 
cout<<"\nSum:"<<sum<<"\nNPV:"<<npv; 
getch(); 
} 
 
 
3//CALCULATION OF BREAK EVEN POINT 
#include<iostream.h> 
#include<conio.h> 
void main() 
{ 
int f,v,p,bep; 
clrscr(); 
cout<<"The fixed cost,P=Rs."; 
cin>>f; 
cout<<"The variable cost per unit or the total variable cost,V=Rs."; 
cin>>v; 
cout<<"The selling price of each unit ,P=Rs."; 
cin>>p; 
bep=f/(1-(v/p)); 
cout<<"The break even point,BEP="<<bep; 
getch(); 
 
} 
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//FINDING THE PRESENT VALUE OF ANNUITY: 
#include <iostream.h> 
#include<conio.h> 
#include<math.h> 
void main() 
{ 
double p,a; 
int n; 
float i; 
clrscr(); 
cout<<"\nEnter the value of annuity,A:Rs."; 
cin>>a; 
cout<<"\nEnter the rate of intrest,i%:"; 
cin>>i; 
i=i/100.00; 
cout<<"\nEnter the no.of years,n:"; 
cin>>n; 
p=(a*((1-(1/(pow((1+i),n))))/i)); 
cout<<"\nThe present value of an annuity:Rs."<<p; 
getch(); 
} 
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CHAPTER 08 
 
8.1. SUMMARY 
The project summarizes various aspects of mining investments using the capital budgeting 
techniques. The investments in the present scenario are a very risky factor for any business 
house. Specifically mining investments are bound to suffer this risk because various aspects of 
mining are dependent on factors not under human control. Therefore every evaluation in mining 
should be guided with thorough economic principles and evaluation techniques. 
8.2. CONCLUSION 
 From the investment standpoint the unique combination of risks and uncertainties associated 
with mining has, historically made it difficult area for decision makers. The features that 
contribute to this situation include the nature of markets for what are essential, the relation of 
demand to the level of industrial activity and the marked cyclic of prices. The characteristics of 
the mineral industry itself are its capital intensity, high fixed costs and long period of production, 
the exploitation of non-renewable sources, the market in recycled products and the usual 
exposure to inflationary and political risks. A basic difficulty in mine valuation is that no 
yardstick is provided by the regular transaction of mining properties in an open market. The 
various appraisal methods are, therefore based on the principle of substitution, the preferred 
method being the capitalized income approach. This leads in turn to the necessity of arriving at a 
cash flow estimate as the best measure of the benefits to be derived from a mining investment. 
There are many problems associated with this process, together with the difficulty in developing 
accurate supply demand and price forecasting models. The next stage in the process of 
investment decision-making –the choice and application of suitable criteria –has undergone 
considerable change. Recently the ‗DCF era‘ has given way to a more integrated approach that 
avoids overemphasis of purely economic aspects at the expense of the assessment of more subtle 
business, financial and political risks. The increasing use by management of a more conservative 
criterion-competitive cost ranking is also noted. The importance of cost-money basis for 
calculation of the effects of inflation is emphasized. Mining investment is renowned for the risks 
that it entails .the basic types are business risks and financial risks. Current business risk analysis 
models tend to assume the independence and the time –constancy of variables: this is 
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unsatisfactory, but work is needed to reduce the complexity and data requirements of more 
realistic versions. Although models are indispensable for investment analysis and decision 
making the difficulties that have attended demonstrate that there is no substitute for sound 
judgment in the evaluation of mining project. 
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INVESTMENT ANALYSIS IN MINING INDUSTRY 
Author: Debasish Mohapatra 
Supervisor: Prof B.K.Pal 
Abstract: Mining used to be a business primarily focused on the technical aspects of getting 
valuable ore out of the ground and extracting the minerals in a metallurgical efficient way. Although 
the importance of these skills cannot be denied, a narrow focus on technical issues is no longer 
sufficient to guarantee success, even in the richest ore bodies. Skill in economics is an essential 
partner to technical skill in every step of the mining process. The economic way of thinking starts 
from before the first drill hole is put in the ground. It includes not just the most economic way of 
mining, but also the most economic way of going about assessing mining projects. It directs mining 
strategy and takes equal notice of the forces of world progress and the forces governing individual 
human action. The scope of this project includes what is meant by a cost-effective mining scheme. It 
includes the economics of information, as well as the procedures for rational evaluation of mining 
projects under uncertainty. It reexamines the definition of ore from an economic perspective .The 
application of DCF techniques in an operating mine environment is given expanded coverage, 
and examples are drawn from real-life studies. A real life case study of a mine (Bhubaneswari 
O.C.P) is taken and the balance sheet is analyzed to prepare a cash flow statement for the same. 
This paper also throws light on the computational approaches that can be used for investment 
analysis. Few computer programs show some aspects of capital budgeting techniques 
calculations in form of C&C++ programs.  
Introduction: The economics of the resources industry are unique. All mining is subject to 
uncertainties not applicable to other industries. Every mine is different. Industry economics are 
difficult to quantify and categorize. Information is very costly. In major mining countries, there 
is now a real dichotomy. The products of the minerals industry are essential primary ingredients 
in almost everything used in an advanced society, yet their availability is often taken for granted. 
In the developed world, the value of mining is increasingly being called into question. The 
difficulty in making profits is compounded by political uncertainties and environmental 
restrictions on top of the uncertainties created by nature. Despite declining prices, as well as 
profitability that frequently falls short of expectations, more capital continues to be injected into 
the industry. Many of the factors that lead to profits or losses escape recognition if conventional 
tools of analysis are used. Low profitability may be the order of the day for many participants in 
the industry, but this is not universal. In some cases, the finding of a rich ore body, either by 
skillful exploration or by chance, has been the key to success. 
Objective: The project has been prepared with the following three key guidelines in mind:  
 
 It focuses on the primary economic evaluation techniques  
 It helps in making economically sound operational, investment, and planning decisions 
with confidence. 
 It provides indications of how reliable or unreliable certain techniques are in the real-
world environment (i.e., a world of change, risk, and uncertainty). It offers techniques 
and mechanisms to adapt the standard methods of project analysis and decision making 
so that they reflect what is happening in the changing world of today.  
Methodology:  
Various techniques of capital budgeting were analyzed which were further used to cater to 
various aspects of mining industry. A case study of a Bhubaneswari O.C.P was taken and then 
analyzed to prepare a proper cash flow statement. Further computational techniques were used 
to approach some of the aspects of integrating economics into mining. These applications can 
be used to calculate various capital budgeting techniques which include investment during 
planning, exploration, etc. these programs were written in C& C++ platforms. 
Discussion and Conclusion:  
The next stage in the process of investment, decision-making –the choice and application of 
suitable criteria –has undergone considerable change. recently the ‗DCF era ‘has given way to a 
more integrated approach that avoids overemphasis of purely economic aspects at the expense of 
the assessment of more subtle business,financial,and political risks. The increasing use by 
management of a more conservative criterion-competitive cost ranking is also noted. The 
importance of cost-money basis for calculation of the effects of inflation is emphasized. Mining 
investment is renowned for the risks that it entails .the basic types are business risks and 
financial risks. Although models are indispensable for investment analysis and decision making 
the difficulties that have attended demonstrate that there is no substitute for sound judgment in 
the evaluation of mining project. 
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